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October 17, 2003 

 
Dear Ms. Kicza, 

 
We wish to call attention to an important area of research, the fundamental science of protein 

crystal growth, that is yielding deep scientific insights into protein crystallization, protein 
behavior in complex fluids, and related problems, and that will have a major impact on progress 
and practice in structural biology in the future.  It is an area that has been nurtured for some 20 
years by NASA research support and is especially noteworthy for the high quality of its peer-
reviewed scientific research and the excellence of its publication record.  This fundamental 
research impacts phase transformation kinetics in general, and has dramatically increased our 
understanding of protein crystallization in particular.  It is an area whose continued progress is 
now threatened by budgetary and programmatic changes, however, its remarkable record of 
productivity and the extraordinary quality of its scientific contributions argue strongly for 
extraordinary measures to assure its continued support. 

 
Inspired by NASA's observation that some protein and virus crystals grow with improved 

quality in microgravity, this ground-based research program has illuminated the fundamental 
physical principles governing protein crystallization and their relation to those for small 
molecules and inorganic materials.  More broadly, it has helped define the series of complex 
phase transformation problems of the crystallization process that lie between purification of a 
protein sample and crystallographic data collection and that, in this era of high-throughput 
structural genomics, have become even more obviously the major bottleneck to structure 
determination.  This research provides a solid foundation in materials science for the rational 
design of crystallization experiments and of pre- and post-crystallization protocols, and has led to 
the development of new diagnostic tools for use in the crystallization laboratory.  It will impact 
not only macromolecular structure determination and drug discovery, but also the development 
of crystal-based biological catalysts, the formulation and delivery of protein-based drugs, and the 
long-term storage of biological macromolecules, all of which have important consequences for 
long-term human habitation in space.  

 
Protein crystals are of interest for fundamental studies because they are intermediate between 

conventional inorganic and small molecule crystals, colloidal crystals, and solid polymers.  Like 
conventional crystals they often grow with excellent long-range order and low mosaicity.  Like 
colloidal crystals, the crystallizing molecules are large compared with the range of interactions 
between molecules.  Like solid molecular polymers, the individual macromolecules have 
extensive conformational flexibility, which can destroy short-range order and diffraction 
resolution.  The unique features of protein crystals include the weakness and complexity of their 
intermolecular interactions, which lead to slow growth rates, the ability to modify intermolecular 
interactions through solution chemistry and genetic manipulation, the large role played by 



impurities and microheterogeneities, their large solvent content and fundamentally composite 
nature, and their exceptional softness and fragility.   

 
NASA's program of peer-reviewed support has been responsible for almost every important 

contribution to understanding of the fundamentals of protein solutions and protein crystallization 
in recent years.  The breakthroughs produced by NASA's support include establishment of the 
correlation between the second virial coefficient characterizing protein-protein interactions and 
the formation of crystals, which has provided an initial assay for crystallization conditions with 
dilute protein solutions [Wilson, Lenhoff]; the extension of this approach to membrane proteins 
[Loll, Wiencek]; the quantitative understanding of the complex phase diagrams for protein 
solutions (which often include high and low-density liquid phases as well as crystalline and gel 
phases) and, importantly, the recognition of the role of the liquid-liquid phase separation in 
crystal nucleation [Benedek, Fraden, Zukoski]; direct observation of protein nucleation events 
and an explanation of the nucleation mechanism [Vekilov]; quantitative determination of 
fundamental nucleation and growth parameters [McPherson, Malkin,  DeYoreo, Vekilov]; direct 
observation by atomic force microscopy (AFM) of growing protein crystals at molecular 
resolution, which has led to elucidation of crystal growth mechanisms and crystal defects for a 
variety of soluble and membrane proteins and for viruses [DeYoreo, McPherson, Malkin]; 
identification of the mechanism of protein crystal growth cessation, which limits the size of 
protein crystals and is one of the most important practical problems faced by crystallographers 
[Malkin, Vekilov]; identification and quantification of effects of impurities in growth and crystal 
disorder, including the purifying effect of the microgravity environment, and direct 3D 
visualization of impurity incorporation and defect formation [Chernov, Vekilov, Thomas, Carter, 
Thorne]; introduction of a high-throughput, nanoliter system integrated with incomplete factorial 
and neural net capabilities for screening of crystallization conditions [DeLucas]; application of 
conventional and new far- field X-ray imaging techniques and high-resolution reciprocal space 
mapping to identify crystal defects, the character and origin of crystal mosaicity, and the relation 
between internal stress and diffraction quality [Thorne, Snell, Borgstahl, Hu, Chernov]; and 
determination of how cryoprotective procedures, which are used to reduce crystal damage by X-
rays, themselves damage crystals (which also has implications for cryopreservation of cells and 
tissues) [Thorne, Snell, Borgstahl].  A list of selected references is appended. 

 
This NASA-supported work has an international reputation, of course, and is augmented by a 

large number of studies outside the U.S.  These are documented in, for example, the nine 
International Conferences on the Crystallization of Biological Macromolecules (ICCBM) held to 
date, as well as elsewhere in the scientific literature.  This body of work provides a solid 
foundation from which to address important questions in the science of phase transformations in 
complex fluids and in the physics of solids comprised of nanoscale, anisotropic, and 
conformationally variable species.   

 
The future impact of this NASA-supported work on structural biology will be significant.  So 

far, the developments that have the greatest day-to-day impact have largely come from biology:  
genetic modifications to obtain molecular forms that may be easier to crystallize, improved 
purification methods based on expression tags, and crystal screens (arrays of premixed 
crystallization cocktails). With the advent of high-throughput methods, much purification and 
crystallization will be performed robotically, and detailed and voluminous data on the results of 



crystallization experiments will be accessible for computer processing.  This provides an ideal 
environment in which to implement algorithms based on insights from fundamental crystal 
growth studies.   Even if the present structural genomics effort is successful beyond the most 
optimistic predictions, many difficult and important structures – including most membrane 
proteins (which provide the majority of drug targets) and most protein complexes – will remain 
to be studied.  Structural biologists will demand higher resolution structures than they can now 
obtain and may need data collection at room temperature in order to fully analyze mechanisms of 
molecular function.  They will want neutron diffraction studies to define more clearly the 
patterns of hydrogen bonding and the roles that solvent molecules play in the structure and 
function of specific proteins, studies made possible by new facilities and developments for 
neutron diffraction.  These longer-term requirements can only be met by producing more perfect 
and, in some cases, much larger crystals, and this will require fundamental understanding of 
crystal growth.    

 
It is widely recognized that NIH, NSF, and DOE, the major supporters of protein structure 

determination research in this count ry, have never really supported crystallization studies, not 
even for membrane proteins.  The fundamental science of protein crystal growth is an area of 
important research that NASA, through its support alone, has brought into being.  It is an area 
that, because of its quality and productivity, NASA can justifiably point to with pride.  Its 
continued health is imperiled by abrupt and disruptive loss of support and NASA must act to 
avoid this catastrophe.  Continuing support of the best peer-reviewed, science-oriented studies – 
ground-based and flight-based – will maintain progress in an area that NASA created, and will 
contribute both to NASA's manned exploration of space and to our nation's health and economic 
future.   
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CC:   E. Trinh, B. Carpenter, F. Chiaramonte, C. Clinton, S. Davison, M. King, C. Kundrot,  
 M. Lee, M. Wargo 
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